Two experiments were conducted to evaluate reproductive responses to supplemental highlinoleate safflower seeds in postpartum beef cows. In Exp. 1, 18 primiparous, crossbred beef cows (411 ± 24.3 kg of BW) were fed Foxtail millet hay starting 1 d postpartum at 1.68% of BW (DM basis) and a low-fat control (control: 63.7% cracked corn, 33.4% safflower seed meal, and 2.9% liquid molasses; DM basis) at 0.35% of BW (n = 9) or a supplement (linoleate) containing 95.3% cracked high-linoleate (79% 18:2n-6) safflower seeds and 4.7% liquid molasses (DM basis) at 0.23% of BW (n = 9). Beginning 1 d postpartum, blood was collected every 3 d for sera. Cows were slaughtered at 37 ± 3 d postpartum for collection of hypothalami, anterior pituitary glands, liver, ovarian follicles, and uterine tissue. By 37 ± 3 d postpartum, dietary treatment did not influence ovarian follicular development (P ≥ 0.17), hypophyseal concentrations of LH (P = 0.14), or concentrations of IGF-I in liver (P = 0.15). In contrast, anterior pituitary glands from linoleate cows contained more FSH (P = 0.02) than control cows and linoleate cows had less IGF-I in the medial basal hypothalamus (P = 0.05), preoptic area (P = 0.06), and in follicular fluid (P ≤ 0.03) from follicles less than 15 mm in diameter. In Exp. 2, twenty-four 3-yr-old multiparous beef cows (initial BW 473.9 ± 9.2 kg) were fed chopped bromegrass hay at 2.1% of initial BW starting 1 d postpartum and a low-fat supplement (control) fed at 0.6% of initial BW or a high-linoleate supplement (linoleate) fed at 0.4% of initial BW until 80 d postpartum. Cows were observed for estrus twice daily from d 30 to 80 postpartum and treated with GnRH between 40 and 45 d postpartum. Seven days after GnRH administration cows were given PGF 2α and were checked for estrus and artificially inseminated until 80 d postpartum. The magnitude of GnRH-induced release of LH (P = 0.82) or FSH (P = 0.86) did not differ between treatments. However, peak serum concentrations of estradiol during proestrus after treatment with PGF 2α were less (P = 0.04) in linoleate than control cows. In conclusion, fat supplementation with high-linoleate safflower seeds did not improve the development of ovarian follicles and detrimentally affected early postpartum fertility possibly because of a reduction in IGF-I concentrations in tissues essential to reproduction.
INTRODUCTION
Adequately meeting the nutritional needs of young lactating beef females is difficult because of competing demands for nutrients (Short et al., 1990) . Consequently, provision of energy-dense lipid supplements has evolved into a management strategy that may enhance reproductive function (Staples et al., 1998; Williams and Stanko, 2000; Hess et al., 2005) . Feeding supplemental lipids with relatively increased levels of linoleic acid to beef cattle during the postpartum interval improved ovarian follicle development (Thomas et al., 1997) and increased luteal function (Williams, 1989; Wehrman et al., 1991; Ryan et al., 1995) . Mechanisms through which such effects are exerted remain elusive (Gong, 2002; Hess et al., 2005) .
Insulin-like growth factor-I has been quantified in many tissues (McGuire et al., 1992) including those crucial to the production of reproductive hormones (Funston et al., 1995b) . Insulin-like growth factor-I is involved in the release of GnRH (Zhen et al., 1997) from the hypophyseal-stalk median eminence and LH from cultured anterior pituitary cells (Soldani et al., 1995) . We hypothesized that effects of postpartum supplemental fat are exerted, in part, via the IGF-I system. Experiment 1 was conducted to evaluate the effects of supplementation with high-linoleate safflower seeds during the early postpartum period on ovarian follicular development and concentrations of IGF-I in tissues essential to reproduction. Experiment 2 was conducted to evaluate the effects of high-linoleate safflower seed supplementation on serum concentrations of progesterone, LH, FSH, estradiol, and fertility in beef cattle.
MATERIALS AND METHODS

Exp. 1
Animals and Dietary Treatments. Within 1 d of calving, in accordance with an approved University of Wyoming Animal Care and Use Committee protocol, 18 primiparous crossbred (primarily Angus × Gelbvieh) nursing cows (BW = 411 ± 24.3 kg; BCS = 5.25 ± 0.24; Wagner et al., 1988) were fed Foxtail millet hay (7.8% CP; 38.9% ADF, DM basis) daily at 1.68% of BW (DM basis). Cows were assigned randomly to receive a lowfat supplement (n = 9; DM basis: 63.7% cracked corn, 33.4% safflower seed meal, 2.9% liquid molasses) fed at 0.35% of BW (control) or a high-linoleate safflower seed supplement [95.3% cracked high-linoleate safflower seeds (79% of total fatty acids as 18:2n-6), 4.7% liquid molasses; DM basis] fed at 0.23% of BW (linoleate). Diets were formulated to meet nutrient requirements of a 410 kg of BW primiparous beef cow producing 9.4 kg of milk at peak lactation (NRC, 2000) and to provide similar daily quantities of N and TDN (Table 1) . Approximately 24 h after calving, cows were moved to 6 × 20 m pens with individual feeding stanchions. Cows were individually fed at 0600 and 1800 h daily. Cattle were allowed 2 h to consume their respective diets. Supplement was fed first to ensure complete consumption after which hay was provided. All supplements were readily consumed. If hay was left after each 2-h feeding period, refusals were weighed and sampled for laboratory analysis. Cows had ad libitum access to fresh water and trace mineralized salt (Champions choice, Akzo Nobel Salt Inc., Georgetown, SC). Hay intake did not differ (P = 0.42) between treatment groups. All cows remained anestrus until slaughter (d 37 ± 3 postpartum) based on the absence of increased (>1 ng/mL) serum concentrations of progesterone in blood samples collected from d 21 postpartum until slaughter (data not shown) and the absence of corpora luteal structures at slaughter.
Sampling. Sampling procedures were described in detail by Scholljegerdes et al. (2007) . Briefly, 10 mL of blood was collected via venipuncture of the coccygeal vein into glass Vacutainer tubes (Becton, Dickinson and Co., Franklin Lakes, NJ) every 3 d for first 33 d of the postpartum period. All blood samples were allowed to clot overnight at 4°C, centrifuged at 800 × g for 30 min at 4°C, and serum was stored at −20°C until analysis. On d 37 ± 3 d, cattle were transported to a commercial slaughter facility. The medial basal hypothalamus (Moss et al., 1980) and uterine tissues were obtained approximately 15 min postmortem. An approximate 1 cm 2 sample of intercaruncular, caruncular, endometrial, and myometrial tissues were collected. As much of the perimetrium as possible was dissected from the endometrium and myometrium. Both oviducts (from the ampula to the uterotubual junction) were trimmed of connective tissue and omental fat. Tissue samples Diets were formulated to be isocaloric and isonitrogenous and to meet the nutrient requirements of a 410 kg of BW, primiparous beef cow producing 9.4 kg of milk at peak lactation (NRC, 2000) .
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Values represent results from postexperimental analysis.
were immediately placed into liquid N and subsequently stored at −80°C. Additionally, ovaries were collected and ovarian follicles were classified according to size as described by Lucy et al. (1992) . Ovarian-follicular fluid was aspirated, pooled within size classification, and stored at −80°C.
Laboratory Analyses. Feed and orts were analyzed for DM, ash (AOAC, 1990) Scholljegerdes et al. (2007) .
Concentrations of progesterone (Eggleston et al., 1990) in serum samples collected on d 21 through 33 after calving (or postpartum) and in follicular fluid collected at slaughter were determined by RIA, in a single assay with a CV of 1.9%. Follicular fluid concentrations of estradiol (Field et al., 1990) were determined by RIA, in a single assay with a CV of 2.0%. Anterior pituitary glands were homogenized (Funston et al., 1995a) and analyzed for LH (Parfet et al., 1986) , FSH (Bolt and Rollins, 1983) , and GnRH receptors (Nett et al., 1981) in single assays with a CV of 1.6, 3.1, and 6.9%, respectively. Serum, follicular fluid, medial basal hypothalami, preoptic areas, stalk median eminences, and anterior pituitary glands were assayed for concentrations of IGF-I (Funston et al., 1995a) in a single RIA (CV = 18.7%). Aliquots of serum and follicular fluid were evaluated by ligand blotting to determine relative quantities of IGFBP (Laemmli, 1970; Clapper et al., 1998 ; CV = 15.6%). Insulin-like growth factor binding protein detected in the serum and follicular fluid included a 40-to 43-kDa protein (presumed to be IGFBP-3; Echternkamp et al., 1994) , a 34-kDa protein (IGFBP-2; Echternkamp et al., 1994) , a 32-kDa protein (IGFBP-1; Kostecka and Blahovec, 1999) , a 29-kDa protein (IGFBP-5; Funston et al., 1995a,b; Rempel and Clapper, 2002) , and a 25-kDa protein (IGFBP-4; Roberts et al., 2006) . Statistical Analyses. Data were analyzed by ANOVA as a split-plot using the GLM procedures (SAS Inst. Inc., Cary, NC). Dietary treatment effects were tested with animal within dietary treatment as the error term (error a). Tissue type and dietary treatment × tissue type interactions were tested with residual error (error b). The MIXED procedures of SAS were used for analysis of plasma IGF-I concentrations. Fixed effects included dietary treatment, days postpartum, and dietary treatment × days postpartum. Animal was used to specify variation between animals using the RAN-DOM statement, and days postpartum was used as the repeated effect. Animal within dietary treatment was the nested effect using the SUBJECT statement. Using likelihood ratio testing, an autoregressive (AR)-1 structure was deemed most appropriate for the withinsubjects effects. A treatment × day interaction (P = 0.62) was not noted; however, serum IGF-I data were covariate adjusted to account for treatment differences (P = 0.001) in serum concentrations of IGF-I on d 1.
Exp. 2
Animals and Dietary Treatments. In accordance with an approved University of Wyoming Animal Care and Use Committee protocol, twenty-four 3-yrold multiparous Angus × Gelbvieh rotationally crossed nursing beef cows were blocked by initial BW (473.9 ± 9.2 kg) and BCS (4.55 ± 0.09; Wagner et al., 1988) and fed a basal diet of chopped bromegrass hay (9.7% CP; 37.9% ADF, DM basis) at 2.1% of initial BW (DM basis). Approximately 24 h postpartum, cows were randomly allotted to a low-fat supplement (control: 92.3% beet pulp pellets, 5.0% soybean meal, and 2.7% liquid molasses on a DM basis) fed at 0.6% of initial BW or a high-linoleate supplement (linoleate: 95.9% cracked high-linoleate safflower seeds and 4.1% liquid molasses on a DM basis) fed at 0.4% of initial BW (DM basis). The linoleate supplement provided 5% of DMI as total fatty acids (Table 1) . Supplements were formulated to be isonitrogenous and isoenergetic on a TDN basis. Cows were individually fed at 0700 and 1600 h until 80 d postpartum. Cows had ad libitum access to water and trace-mineralized salt (Champions choice, Akzo Nobel Salt Inc., Georgetown, SC).
Sampling. Cow BW and BCS were obtained when cows were placed on diets and each week until 80 d postpartum. Beginning on d 25 postpartum, blood samples (10 mL) were collected into glass Vacutainer tubes twice weekly until 1 d before GnRH treatment via venipuncture of the coccygeal vein. Samples were then collected daily until estrus, then twice weekly until 80 d postpartum. On the day of GnRH administration (described below), blood samples were collected at 90, 60, 30, and 0 min before injection and at 15, 30, 45, 60, 90, 120, 240, 360, 480 , and 720 min postinjection. All blood samples were allowed to clot overnight at 4°C, centrifuged at 800 × g for 30 min at 4°C, and serum was stored at −20°C until analysis.
Cows were observed for estrous behavior twice daily from d 30 to 80 postpartum. Cows were blocked by date of parturition for treatment with GnRH (100 μg, Cystorelin, Merial, Athens, GA) between 40 and 45 d postpartum. Cows detected in estrus before d 40 were not treated with GnRH. Seven days after GnRH administration or detection of estrus all cows received 25 mg of PGF 2α (Lutalyse, Pharmacia & Upjohn, Kalamazoo, MI) and were artificially inseminated 12 h after detection of estrus. Cows that returned to estrus before 80 d were re-bred via AI. After 80 d postpartum, cows were placed with bulls on summer pasture for approximately 45 d. Pregnancy was confirmed via rectal palpation in the fall and confirmed at the time of calving.
Laboratory Analysis. Diet samples were analyzed as described for Exp. 1. All serum samples obtained daily and twice-weekly were analyzed for concentrations of progesterone (Eggleston et al., 1990) in assays with intra-and interassay CV of 10.3 and 8.7%, respectively. Serum collected on the day of GnRH administration was analyzed for LH (Parfet et al., 1986) and FSH (Bolt and Rollins, 1983) in single assays with intraassay CV of 5.3 and 2.5%, respectively. Samples obtained 1 d before the day of, and 1 d after GnRH administration was analyzed for concentrations of estradiol-17β (Field et al., 1990) . Serum obtained during estrus after administration of GnRH or samples that exhibited a change in concentration of progesterone indicative of ovulation also were analyzed for concentrations of estradiol. Intra-and interassay CV for estradiol assays were 10.1 and 9.1%, respectively. Serum from blood samples collected twice weekly and from the day before and the day of administration of GnRH were analyzed for concentration of IGF-I by RIA (Funston et al., 1995a) in assays with intra-and interassay CV of 6.4 and 3.0%, respectively.
Statistical Analyses. Data were analyzed using SAS. Continuous data were analyzed using GLM procedures. Serum concentrations of hormones were analyzed for treatment effects by least squares analysis as 2 n = 9. 3 Class 1 = diameter ≤5 mm. 4 Class 2 = diameter 6 to 9 mm. 5 Class 3 = diameter 10 to 15 mm.
a split-plot design with treatment as the main effect with time and treatment × time interaction as subplot effects. Animal within treatment was used as the error term for treatment effects. Time and treatment × time interactions were tested using residual error. Significant differences among means were separated using Fisher's protected LSD procedure (Steele and Torrie, 1980) . Fertility and conception data were analyzed using the categorical modeling procedure (PROC CATMOD).
Inferences of significant differences were determined using the Wilcoxon rank-sum test.
RESULTS
Exp. 1
Diets provided similar amounts of energy on a TDN basis as confirmed by similar BW loss (P = 0.88) between treatments (overall BW loss was 14.8 kg for control and linoleate; data not shown) and similar (P = 0.65) change in BCS (change = −0.5 BCS units for control and linoleate). Assuming that 1 kg of BW is equal to 5.82 Mcal (NE m ; NRC, 2000) ; the diets of control and linoleate cows were deficient by 2.3 Mcal (NE m )/d.
Dietary treatment did not influence (P ≥ 0.17) number of ovarian follicles or follicle size within classification (P ≥ 0.14; Table 2 ). Only 1 cow (control) exhibited a class 4 follicle. Based on the absence of increased serum concentrations of progesterone >1 ng/mL in 3 consecutive samples and the lack of ovarian corpora luteal structures, none of the animals in this experiment had resumed estrous cycles by slaughter at 37 ± 3 d after calving. Treatment did not influence (P ≥ 0.33) intrafollicular fluid concentrations of estradiol-17β or progesterone across the various classes of follicles (Table 3). No follicle classification or treatment × follicle classification effects were noted for any of the hormones measured. Concentrations of FSH (P = 0.02), but not Postpartum lipid supplementation LH (P = 0.14), in the anterior pituitary gland were greater in cows fed linoleate than cows fed control diets (Table 4) . Anterior pituitary GnRH receptors were not influenced (P = 0.42) by treatment.
Cows fed control had greater (P = 0.001) circulating concentrations of IGF-I than cows fed linoleate through d 33 postpartum (Figure 1) . Concentrations of IGF-I in liver (P = 0.15), anterior pituitary glands (P = 0.33), and stalk-median eminence (P = 0.94), however, were not influenced by treatment (Table 5 ). In contrast, cows fed control tended to have greater concentrations of IGF-I in the preoptic area (P = 0.06) and medial basal hypothalamus (P = 0.05) than cows fed linoleate. Linoleate treatment decreased concentrations of IGF-I in follicular fluid (P < 0.03), but there was no follicle class effect or treatment × follicular size classification (P = 0.91; data not shown).
Relative quantities of IGFBP in serum on d 33 postpartum did not differ by treatment (P ≥ 0.20; Table  6 ). However, follicular fluid IGFBP-1 (a 32-kDa protein assumed to be IGFBP-1; Kostecka and Blahovec, 1999) tended (P = 0.09) to be greater in linoleate than control cows, whereas the other IGFBP did not differ (P ≥ 0.13).
Exp. 2
Cows fed control supplement consumed more (P < 0.05) DM (12.3 ± 0.3 vs. 11.6 ± 0.3 kg/d) than linoleate cows and gained more (P = 0.04) BW (18 ± 5 vs. 2 ± 5 kg) during the 80 d postpartum feeding interval. Based on serum concentrations of progesterone (>1 ng/mL), 7 cows (3 control; 4 linoleate) formed functional corpora lutea before d 40 to 45 postpartum and were not treated with GnRH. The remaining 9 control and 8 linoleate cows did not exhibit increases in concentrations of serum progesterone greater than 1 ng/mL before 40 to 45 d postpartum and were assumed to be anestrous at the time of GnRH administration. There was a treatment × time interaction (P = 0.001) for serum progesterone concentrations (Figure 2) . Mean circulating concentrations of progesterone increased (P < 0.01) during the 7 d after treatment with GnRH in control and linoleate cows. Mean concentrations (ng/mL) of progesterone in the serum of control cows 4 d after treatment with GnRH were greater (P < 0.02) than at d 1. In linoleate cows, however, serum concentrations did not increase (P > 0.05) to values greater than d 1 until d 6. By d 7, mean serum concentrations of progesterone were greater (P < 0.02) in linoleate than control cows. Mean serum concentrations of progesterone in the anestrous cows did not differ (P = 0.89) between groups.
Concentrations of LH and FSH in serum of anestrous cows during the 1.5 h interval before (LH, P = 0.46; FSH, P = 0.98) and 12 h after treatment with GnRH (LH, P = 0.61; FSH, P = 0.85) did not differ between treatments (Figure 3) . Likewise, no treatment × time interactions (P = 1.0) were observed for concentrations of serum LH or FSH. Neither the magnitude of peak concentrations of LH (P = 0.82) and FSH (P = 0.86) nor the duration of the interval from treatment with GnRH to peak concentrations of LH and FSH differed (LH, P = 0.34; FSH, P = 0.46) between anestrous control and linoleate cows (data not shown). There was a trend (P = 0.10) for more control (7 of 9) than linoleate cows (3 of 8) to develop a corpus luteum by 7 d after treatment with GnRH. The 7 control and 2 of the 3 linoleate cows subsequently exhibited estrus in response to PGF 2α and conceived to first service AI.
Maximum concentrations of estradiol achieved in serum after treatment with GnRH and PGF 2α (n = 9 for control and n = 8 for linoleate) were greater (P = 0.04) in control (9.4 ± 1.2 pg/mL) than linoleate (5.7 ± 1.2 pg/mL) cows. Serum concentrations of progesterone increased until d 5 post-GnRH injection in control but continued to progressively increase until the end of sampling on d 7 in linoleate cows (Figure 2) . Mean serum concentrations of progesterone during the 10 d preceding treatment with GnRH were not different (P = 0.80) between control (0.1 ± 0.07 ng/mL) and linoleate (0.1 ± 0.07 ng/mL). Mean circulating concentrations of progesterone during the 7-d interval after treatment with GnRH increased (P < 0.01) in both treatment groups. Mean concentrations of progesterone in serum of control at 4 d after treatment with GnRH were greater (P = 0.02) than d 1. Mean concentrations of progesterone in the linoleate cows increased (P < 0.01) to values greater than d 1 mean concentrations (0.04 ± 0.1 ng/mL) on d 6 (0.6 ± 0.1 ng/mL), 2 d later than in control cows. Mean concentrations of progesterone in linoleate cows were greater (P = 0.02) on d 7 (1.1 ± 0.1 ng/mL) after treatment with GnRH than in control on d 7 (0.7 ± 0.9 ng/mL).
Overall mean serum concentrations of IGF-I were not different (P = 0.80) between control (89 ± 10 ng/mL) and linoleate-fed cows (85 ± 10 ng/mL). Concentrations of IGF-I in serum increased (P < 0.01) over time, from 78 ± 3 ng/mL at 25 d postpartum to 92 ± 3 ng/ mL by d 80 postpartum, but a treatment × time interaction was not detected (P = 0.70). When data from all cows including those exhibiting estrus before treatment with GnRH were compared, there was a trend (P Table 6 . Influence of supplemental high-linoleate safflower seeds on IGFBP in d 33 serum and follicular fluid (arbitrary densitometry units) collected d 37 ± 3 postpartum in primiparous beef cows consuming a forage-based diet (Exp. 1) All cows were fed Foxtail millet hay fed at 2.13% of BW and control supplement (61.2% corn, 32.1% safflower seed meal, and 3.7% molasses) fed at 0.37% of BW or linoleate supplement (94.0% cracked high-linoleate safflower seeds and 6.0% molasses) fed at 0.24% of BW. Class 2 = diameter 6 to 9 mm (n = 16).
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Class 3 = diameter 10 to 15 mm (n = 10). = 0.10) for more controls (83%) to exhibit estrus after treatment with PGF 2 α than linoleate-fed cows (50%). During the 80-d supplemental period, 1 control and 4 linoleate cows failed to exhibit estrus. Overall, cows fed control conceived 21 d earlier (P = 0.02) in the breeding season than linoleate-fed cows. Conception at firstservice AI tended (P = 0.10) to be greater for control than linoleate, and more (P = 0.03) controls (n = 11) conceived during the 50-d AI period than linoleate (n = 7; data not shown). Ultimately, 92% of both groups became pregnant by the end of the breeding season, but 100% of the control cows conceived to AI (first plus second service conception rates) compared with 84% for cows fed linoleate. 
DISCUSSION
Safflower oilseeds were selected as a fat source for these experiments because Bottger et al. (2002) found that cows fed high-linoleate safflower seeds lost less body condition after calving than cows fed control or high-oleate safflower seed supplements. Because BCS and the onset of postpartum fertility are correlated (Vizcarra et al., 1998) , it was postulated that supplementation with linoleate would enhance indices of postpartum reproductive performance. Animal performance was similar in Exp. 1 due to diets being formulated to provide similar levels of protein and energy (TDN basis). However, in Exp. 2 cattle fed either dietary treatment gained BW, yet control-fed cattle gained 16 kg more BW than cattle fed linoleate. This disparity between BW gain was likely due to a reduction in dietary intake for linoleate (11.6·kg ) and reduced diet digestibility (IVDMD) for the linoleate supplement compared with the control supplement. Although we cannot rule out the influence BW gain differences may have had on reproductive measures, these differences were likely not divergent enough to be the primary cause of reduced conception rates because both treatments were in a positive energy balance (both gained BW). Cooke et al. (2007) reported that despite differences in ADG (both treatments gained BW) among beef heifers, pregnancy rate did not differ. Furthermore, the lack of differences observed for serum IGF-I in Exp. 2 also indicates that energy status was not different (Ellenberger et al., 1989; Thissen et al., 1994) across treatment. A reduction in digestibility when high-linoleate safflower seeds are fed to beef cows consuming a forage-based diet has been demonstrated previously in vivo by Scholljegerdes et al. (2004) . Likewise, fat supplementation also has been shown to reduce dietary intake (Schauff and Clark, 1992) . This is supported by the work of Lake et al. (2005 Lake et al. ( , 2006 ) who reported differences in BW gain (Lake et al., 2005) when beef cows consumed high-linoleate safflower seeds compared with controls and did not observe any differences in serum concentration of IGF-I (Lake et al., 2006 ), yet first service conception rates (%) were numerically less for linoleate-fed cows.
The absence of differences in follicular fluid concentrations of estradiol and progesterone within and among follicle classes likely reflects the anestrous status of the cows. The observation that serum concentrations of progesterone continued to increase at d 7 in linoleate cows (Exp. 2) is congruent with other studies indicating fat supplementation increases serum concentrations of progesterone (Hawkins et al., 1995; Lammoglia et al., 1997) . Although mechanisms through which such effects are mediated remain unclear, effects on clearance rate (Hawkins et al., 1995) or substrate availability have been postulated (Williams, 1989; Thatcher et al., 1997) .
Magnitude of peak circulating concentrations of estradiol associated with ovulation after treatment with PGF 2α was not different in cows before treatment with GnRH (Exp. 2). Based on the number of secondary follicles observed in Exp. 1, fat supplementation did not appear to enhance follicular development by d 35 postpartum but did appear to affect formation and function of corpus luteum structures in response to treatment with GnRH later in the postpartum period (Exp. 2).
Insufficient pulsatile secretion of LH delays the reinitiation of estrous cycles during the postpartum interval (Short et al., 1990) . Therefore, it was hypothesized that fat supplementation could decrease the duration of the postpartum interval by enhancing the secretion of gonadotropins. The increased concentrations of FSH in anterior pituitary glands from cows fed linoleate (Exp. 1) accompanied with a lack of diet effects on ovarian follicular development supports the contention that increased hypophyseal FSH could be due to a diminished endogenous release of FSH. Such an effect, however, was not apparent for hypophyseal concentrations of LH (Exp. 1) or quantities of LH and FSH released in response to exogenous GnRH (Exp. 2). Results of this experiment are similar to those of Lucy et al. (1991) who also did not detect differences in LH production in dairy cows supplemented with calcium soaps of fatty acids.
It is generally accepted that energy status is a major mediator of serum concentrations of IGF-I (Rutter et al., 1989; Adam et al., 1997; Hess et al., 2005) . However, in Exp. 1, diets were formulated to provide similar quantities of energy and resulted in similar BW and BCS changes in the 2 treatment groups. Therefore, the fatty acid composition of diets appeared to modulate circulating concentrations of serum IGF-I (Exp. 1). These differences, however, may not be long-lived because mean serum concentrations of IGF-I did not differ between treatments in Exp. 2 in which changes in BW differed between groups. Garcia et al. (2003) also reported that high-fat isocaloric supplement (70% linoleic acid) decreased serum IGF-I in heifers; however, as those cattle attained puberty, differences in IGF-I appeared to diminish. This agrees with Bottger et al. (2002) and Lake et al. (2006) who also found serum concentrations of IGF-I between d 30 to 90 postpartum were not influenced by similar diets in beef cattle.
Insulin-like growth factor-I has been implicated as a mediator of a variety of reproductive processes. The GnRH-stimulated release of LH from cultured anterior pituitary cells was enhanced by IGF-I (Hashizume et al., 2002) and IGF-I increased ovarian LH-binding sites (Spicer and Stewart, 1996) . Further, Sudo et al. (2007) recently demonstrated that FSH influenced the production of IGF-I in ovarian granulosa cells through effects exerted on pregnancy-associated plasma protein-A genes. Tissue concentrations of IGF-I determined in the current and other studies demonstrate the presence of IGF-I in sites critical to the control of reproduction, and differences observed lend credence to the development of functional hypotheses. For example, the observation that control cows had greater concentrations of IGF-I in the preoptic area and medial basal hypothalamus than linoleate cows provides evidence that IGF-I may influence the secretion of GnRH or actions of GnRH with an ultimate impact on gonadotropin secretion. Similar to Monget et al. (1993) and de la Sota et al. (1996) , concentrations of IGF-I in follicular fluid were not influenced by follicular size. Although IGF-I does not directly influence the production of progesterone (Spicer et al., 2002) , effects on the ovarian LH-receptor have been reported (Spicer and Stewart, 1996) . It is possible that the increased follicular fluid concentrations of IGF-I in control cows are indicative of earlier development of healthy ovarian follicles.
Insulin-like growth factor binding proteins mediate actions of IGF-I (Armstrong and Benoit, 1996; Boisclair et al., 2001) . The IGFBP are produced in several tissues and may differ in type and quantity among tissues (Keller et al., 1998) . In follicles, IGFBP-1 (Keisler and Lucy, 1996) , −2, and −3 (Spicer et al., 1997) negatively influence actions of IGF-I. The trend for decreased quantities of IGFBP-1 in follicular fluid from control cows, therefore, supports the possibility that bioactive IGF-I may have differed between control and linoleate cows.
In conclusion, fat supplementation with high-linoleate safflower seeds did not benefit postpartum reproductive function possibly because of perturbations of the IGF-I system in tissues essential to reproduction. Such a conservative conclusion appears warranted because supplementation detrimentally influenced reproduction in this small number of animals.
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